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(57) Abstract 



An apparatus and method for sealing die top (prefonn entry end) of an optical 
waveguide fiber draw furnace is disclosed. The apparatus includes an assembly (10) 
constructed and arranged to removably cover the top of the draw furnace (60) while 
mating with the downfeed handle (28). The apparatus includes an elongated sleeve 
(12) having a base (16) and a sealing mechanism (18) positioned on the sleeve at a 
location remote from the base. TTie sleeve (12) defines a chamber (50) for receiving 
the downfeed handle (28). and the sealing mechanism (18) is arranged with respect 
to the sleeve to mate widi the downfeed handle received in the chamber. In one 
aspect of the invention, the apparatus further includes an inert gas purge (22, 24, 




26) for providing an inert atmosphere within the chamber (50). A mediod of sealing 
the top of an optical waveguide fiber draw fumace is also disclosed. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on tise front pages of pamphlets publishing international applications under the PCT, 



AL 


Albania 


ES 


Spani 


LS 


Lesotho 


SI 


Skrvenia 


AM 


Anneaia 


n 


inland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azabaljan 


GB 


United Ktegdom 


MC 


MoDaoo 


TD 


Chad 


BA 


Bosoia and Henegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baibsdos 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yt^goslav 


TM 


Turicmenistan 


BF 


Bufkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


IHnkey 


BG 


Bulgaria 


HU 


Hongaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukrame 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Moiico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netheriands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zhnbabwe 


a 


COte d'lvoire 


KP 


Democtatic People's 


NZ 


New Zealand 






CM 


Cameroon - 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint tuda 


RU 


Russian Federation 






DE 


Gemany 


U 


Uechtcwstrin 


SD 


Sudan 






DK 


Deomaric 


uc 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Uberia 


so 


Singapore 







wo 00/50351 



PCTAJSOO/03512 



METHOD AND APPARATUS FOR SEALING THE TOP OF A FURNACE FOR DRAWING OPTICAL FIBRE FROM A 
PREFORM 

Background OF THE Invention 

5 1. Field of the Invention 

The present invention relates generally to a method and assembly for 
sealing a draw fumace, and more particularly, to a sealing assembly and 
method for sealing the top of an optical waveguide draw fumace. 

10 

2. Technical Background 

Relatively high temperature heat sources are required for drawing high 
strength^ low loss optical waveguide fibers from high silica-content optical 

1 5 waveguide fiber preforms or blanks. Two of the predominant heat sources 
utilized for drawing such fibers are zirconia fumaces and graphite furnaces. 
Fiber draw furnaces generally operate at temperatures greater than about 
1 900°C. typically as high as about 2050*^0. 

A disadvantage associated with zirconia induction fumaces is that 

20 extended use and thermomechanical stresses due to poor thermal shock 
resistance cause cracks in the mufHe and susceptor. This cracking causes 
zirconia particles to migrate from the inner surface of the fumace onto the 
preform and/or fiber being drawn from the prefonm resulting in substantially 
weakened fiber and unacceptable product losses. Moreover, zirconia 
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induction furnaces are sensitive to rapid changes in temperature. Accordingly, 
significant amounts of time are necessary for increasing and decreasing the 
temperatures within the furnace. Rapid heating and cooling of the fiimace 
results in fracturing of the zirconia muffle, which necessitates replacement of 
the muffle and results in significant fumace down time. 

Such shortcomings lead to the development of graphite induction 
fumaces. Graphite induction furnaces typically include a graphite muffle which 
is Insensitive to rapid changes in temperature and thus is less susceptible to 
cracking. It has been found, however, that graphite fumaces are susceptible to 
oxidation at temperatures approaching about 450''C and that oxidation is 
particularly problematic when the graphite is exposed to the high temperatures 
used to draw optical waveguide fibers. For this reason, among others. It is 
preferable to maintain an inert atmosphere within the draw fumace. Oxidation 
occurs when gasses from ambient atmosphere react with the solid carbon 
muffle at high temperatures according to the following reactions: 

(1) C + O2 CO2; and 

(2) C + C02^2CO. 

A typical onset temperature for reaction (1) for a graphite grade used in a draw 
fumace is about ZOCC. Reaction (2) becomes significant above 900°C. These 
reactions of the fumace muffle with oxygen and carbon dioxide cause the 
fumace muffle to be consumed, especially at elevated fiber drawing 
temperatures, and are refenred to generally as CO events. 

The graphite muffle material is a composite of graphite grains bonded 
together by a carbon binder matrix, it is believed that the binder material is 
more susceptible to oxidation than the graphite grains. Therefore, when the 
composite of the two materials is exposed to air, and thus oxygen at 
temperatures above the oxidation onset temperatures, the matrix binder 
material preferentially oxidizes. The graphite grains, having no binder left to 
hold them in place, are then free to fall away from the composite structure. It is 
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believed that this mechanism causes graphite particulate to migrate from the 
muffle wall to the fiber preform and/or fiber during drawing. 

Graphite particulate that becomes incorporated Into the fiber during 
drawing causes unacceptable product losses due to point defects. Point 
5 defects manifest themselves as sharp attenuation increases in the signal 
transmitted through the fiber. Point defect product losses due to graphite 
particulate from draw furnaces can be greater than about 5%, which is an 
unacceptably high loss. Graphite particulate that has adhered to the fiber 
during the draw process also contributes to fiber breaks. 

10 In order to reduce graphite particulation produced by oxidation of the 

graphite muffle material, and thus the number of resulting point defects, an inert 
gas is typically supplied to the interior of the furnace to prevent ambient air and 
other gases from entering the furnace. Unfortunately, there are a number of 
operations that occur during optical waveguide draw operations which present 

1 5 ambient air and other gases with the opportunity to enter the furnace despite 
delivery of high inert gas flow rates Into the furnace. When a mistake is made 
during these draw operations, either by human enror, by mechanical failure, or 
othenvlse, ambient air and/or other gases are often permitted to enter the 
furnace and a CO event occurs. 

20 Many of these CO events occur during movement or operation of the top 

hat assemblies presently used to close the opening in the top of a draw furnace 
during blank load, unload, and idle periods. Typical top hat assemblies include 
a viton/rulon seal that is positioned adjacent the top of the optical waveguide 
draw furnace when the top hat assembly is positioned over the downfeed 

25 handle and lowered onto the draw furnace. In addition, these top hat 

assemblies incorporate a plurality of hooks used in manually lowering and 
raising the top hat assembly. The hooks are specifically employed to raise the 
top hat assembly while the downfeed handle is being removed from the draw 
furnace. Currently, an operator must engage the hooks prior to removal of the 

30 downfeed handle from the draw fumace to ensure that the top hat assembly is 
being withdrawn from the top of the draw fumace as the downfeed handle and 
the remainder of the waveguide blank are removed from the hot zone of the 
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draw furnace. Otherwise, that portion of the downfeed handle exiting the hot 
zone of the draw furnace will approach the top hat assembly, and the extreme 
heat retained by the downfeed handle will melt the viton/rulon or other sealing 
member of the top hat assembly. Often times, however, an operator fails to 
engage the hooks, which ultimately results in the melting and thus the 
premature replacement of the top hat sealing member. 

Moreover, if an operator fails to disengage the hooks after the top hat 
assembly has been positioned on the top of the draw furnace, certain aspects 
of the fiber drawing operation itself can create CO events. Generally, once a 
seal is fomied between the top hat and the top of the draw furnace, the bottom 
door assembly of the draw furnace is opened and fiber drawing commences. 
During the start of optical waveguide fiber draw, the optical fiber blank is 
typically partially raised back out of the hot zone of the draw furnace to stretch 
and thin the fiber in order to obtain a desired fiber diameter. If the hooks are 
still engaged with the top hat assembly during this time, the top hat raises off of 
the top of the draw fumace and the seal is broken. Since the bottom door 
assembly of the draw fumace is open during fiber draw, the broken top hat seal 
creates what is known in the art as a chimney effect. The chimney effect is the 
rapid intake of air through the bottom opening in the draw fumace caused by, 
inter alia, the opening of the top of the draw furnace. Ambient air is thus forced 
into the muffle of the draw fumace and the oxygen contained within the air 
reacts with the carbon muffle causing a CO event. The graphite particulate is 
then free to migrate to the fiber which results in fiber being formed with an 
unacceptable number of point defects. In addition, the entrance of air into the 
draw fumace during fiber draw also results in diameter upsets which also 
creates unusable fiber. Moreover, each CO event degrades the draw fumace 
muffle which in tum reduces draw fumace efficiency and necessitates muffle 
replacement. 

In view of these and other shortcomings, an improved assembly and 
method of sealing an optical waveguide draw fumace is needed to prevent the 
entrance of ambient air and other unwanted gases into the draw fumace. 
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Summary of the Invention 

One aspect of the present invention relates to an apparatus for 
cooperating with a downfeed handle to seal the top of an optical waveguide 
5 draw furnace. The apparatus includes an assembly that is constructed and 
an-anged to removably cover the top of the draw furnace and mate with the 
downfeed handle. The assembly includes an elongated sleeve having a base 
and defining a chamber for receiving the downfeed handle. The apparatus 
further includes an inert gas supply which communicates with the assembly to 

1 0 selectively deliver inert gas into the chamber. 

In another aspect, the invention relates to an apparatus for cooperating 
with a downfeed handle to seal the top of an optical waveguide draw furnace. 
The apparatus includes an elongated sleeve having a top and a base, and 
defining a chamber for receiving the downfeed handle. The apparatus further 

15 includes a sealing mechanism positioned on the sleeve at a location remote 
from the base. The sealing mechanism is arranged with respect to the sleeve 
to mate with the downfeed handle received in the chamber. 

in yet another aspect the present invention is directed to a method of 
sealing the top of an optical waveguide draw furnace. The method includes the 

20 steps of sliding an assembly onto a downfeed handle such that the assembly is 
supported on the downfeed handle. The assembly defines a chamber for 
receiving the downfeed handle, and has a base and a sealing mechanism 
remote from the base. The sealing mechanism cooperates with the downfeed 
handle to close one end of the chamber. The chamber is purged with an inert 

25 gas, and the downfeed handle is lowered into the optical waveguide draw 
furnace to position the assembly on the top of the draw furnace. 
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The top hat assembly of the present invention results in a number of 
advantages over other top hat assemblies presently available. Principally, the 
top hat assembly of the present invention significantly reduces the number of 
CO events resulting from air entering the top of the draw furnace, and/or air 
5 entering through the bottom of the draw furnace due to unintentional removal of 
the top hat assembly when the bottom door assembly is in an open position, 
particulariy during fiber draw. The reduction of CO events significantly reduces 
the number and frequency of point defect losses in optical waveguide fibers 
drawn in furnaces, particularly those having graphite muffles, and further, 

10 prolongs the life of the graphite muffles employed in draw furnaces. In 

addition, because the top hat assembly of the present invention obviates the 
use of hooks, operator en^or is substantially eliminated during fiber draw 
operations. Moreover, the construction and arrangement of the sealing 
mechanism of the present invention significantly extends the seal life, which in 

1 5 turn reduces draw tower down time associated with the replacement of spent 
seals. 

Additional advantages are provided by the sealing assembly and method 
of the present invention. The inert gas purge cooperating with the top hat 
assembly of the present invention displaces air trapped within the top hat 

20 assembly, which in turn prevents air from entering the top of the draw fumace 
during optical waveguide blank loading. Without the purge, air othenvise 
trapped in the top hat assembly would be drawn into the draw fumace when the 
bottom door assembly is opened to begin fiber draw. That air, once inside the 
fumace, causes diameter upsets and CO events. Thus, this embodiment of the 

25 present invention further reduces the number of diameter upsets and CO 
events during drawing operations. 
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A single CO event in a graphite draw furnace during fiber draw typically 
results in a relatively large percentage of the optical fiber having unacceptable 
levels of point defects. Accordingly, cleaning of the draw furnace is essential 
following a CO event. Generally, such cleaning operations result in the draw 

5 furnace being down for approximately 6 hours to facilitate such cleaning and 
servicing operations. A further advantage of the present invention is the 
reduction in the amount of draw tower down time due to the substantial 
reduction in the frequency of CO events. Less down time results in increased 
production of optical fiber, and particularly optical fiber having an insignificant 

1 0 number of point defects. 

The top hat assembly and method of sealing the top on an optical 
waveguide draw fumace of the present invention significantly reduces both 
mechanical and human en^or during draw operations. Moreover, the assembly 
and method of the present invention eliminates the use of hooks with the top 

15 hat assembly, and thus minimizes operator interaction with the top hat 

assembly during drawing operations. Such an assembly and method will 
reduce the frequency with which sealing members in the assembly are 
cun-ently replaced, reduce the number of diameter upsets, and will significantly 
reduce the number of CO events during drawing operations, particularly those 

20 resulting from the chimney effect. 

Additional features and advantages of the invention will be set forth in 
the detailed description which follows, and in part will be readily apparent to 
those skilled in the art from that description or recognized by practicing the 
invention as described herein, including the detailed description which follows, 

25 the claims, as well as the appended drawings. 

It is to be understood that both the foregoing general description and the 
following detailed description are merely exemplary of the invention, and are 
intended to provide an overview or framework for understanding the nature and 
character of the invention as it is claimed. 

30 The accompanying drawings are included to provide a further 

understanding of the invention, and are incorporated in and constitute a part of 
this specification. The drawings illustrate various embodiments of the 
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invention, and together with the description serve to expiain the principles and 
operation of the invention. 



Fig. 1 is a side elevation view of a preferred embodiment of the top hat 
assembly shown positioned on a downfeed handle in accordance with the 
present invention; 

Fig. 2 is an exploded view of the top hat assembly of Fig. 1 shown in 
elevation; 

Fig. 3 is a partial perspective view of the top hat assembly of Fig. 1 
showing the sealing mechanism mating with a downfeed handle in accordance 
with the present invention; and 

Fig. 4 is a side elevation view of the top hat assembly of Fig. 1 shown 
adjacent the top of an optical waveguide draw furnace and resting on the blank 
support portion of a downfeed handle in accordance with the present invention. 

Detailed Description of the Preferred embodiments 

Reference will now be made in detail to the present prefenred 
embodiments of the invention, examples of which are illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers will 
be used throughout the drawings to refer to the same or like parts. An 
exemplary embodiment of a top hat assembly of the of the present invention is 
shown in Fig. 1 , and is designated generally throughout by reference numeral 



In accordance with the invention, the present invention for sealing the 
top of an optical waveguide draw furnace Includes an assembly that is 
constructed and arranged to removably cover the top of a draw fiimace while 
mating with a downfeed handle received in the draw furnace. A downfeed 
handle is an elongated tubular member, which supports the prefomn or blank, 
and facilitates the insertion of the blank into and the removal of the blank from 



Brief Description of the Drawings 



10. 
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the draw furnace. The downfeed handle also facilitates the movement and 
positioning of the blanl< within the draw furnace. Preferably, an inert gas supply 
communicates with the assembly to selectively deliver an inert gas to the 
assembly, thereby displacing any air residing within the assembly. 

As embodied herein, and depicted in Fig. 1 , a preferred embodiment of 
the top hat assembly 10 includes a generally cylindrical sleeve 12 having an 
upper sleeve flange 14 and a base 16. Top hat assembly 10 is preferably 
constructed from aluminum, but it could easily be fabricated using some other 
material, such as, but not limited to, steel. Shown attached to upper sleeve 
flange 14 is a sealing mechanism 18, which will be described, in greater detail 
below with reference to the Fig. 2 . Shown attached to base 16 is a bumper 
assembly 20 which will also be described in greater detail below with reference 
to Fig. 2. Although described herein as being attached to sleeve 12, it will be 
understood by those skilled in the art that sealing mechanism 18 and bumper 
assembly 20 can be fomied as part of sleeve 12 so as to form a unitary top hat 
assembly 10. 

A purge adapter 22 preferably depends from the sidewall of sleeve 12 
beneath upper sleeve flange 14. Purge adapter 22 is sized and shaped to - 
mate with a hose coil 24 extending from an inert gas supply reservoir 26. Top 
hat assembly 10 is shown positioned on the top portion of a downfeed handle 
28. The lower portion of downfeed handle 28 includes a blank support portion 
30, which is used to engage the ball of an optical waveguide fiber blank (not 
shown) so that the blank is suspended beneath downfeed handle 28. 

As shown more cleariy in the exploded elevational view of Fig. 2, sealing 
mechanism 18 preferably includes a retaining ring 32 having a recess 34 for 
supporting an oil lip seal structure 36. Oil lip seal stmcture 36 is preferably 
sized to tightly fit within recess 34 of retaining ring 32. More preferably, oil lip 
seal structure 36 is press fitted within recess 34, as with an arbor press, so that 
oil lip seal structure 36 is fixedly secured within retaining ring 32. Sealing 
mechanism 18 is attached to upper sleeve flange 14 with any of a number of 
fasteners, such as screws 38, and can easily be removed and disassembled for 
cleaning and seal replacement. 
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Bumper assembly 20 includes a bottom plate 40 Inteiposed between a 
bumper 42 and bumper assembly retaining ring 44. Bottom plate 40 is slidably 
received onto bumper assembly retaining ring 44 and bumper 42 is attached to 
bumper assembly retaining ring 44 with fasteners such as retaining screws 46. 
5 Bumper assembly 20 is mounted to base 1 6 of top hat assembly 1 0 with 

fasteners such as elongated screws 48 which are circumferentially spaced from 
each other and passed through base 1 6 and bottom plate 40. In this way, 
bottom plate 40, and thus bumper assembly 20. is secured to base 1 6 of top 
hat assembly 10. 

1 0 Thus constructed, top hat assembly 1 0 defines a tubular chamber 50, 

which is open at its ends to receive a standard optical waveguide downfeed 
handle 28, as shown In Fig. 1 . Chamber 50 is sized to freely receive downfeed 
handle 28 such that an annular channel is fomied between the inner surface of 
sleeve 12 and the downfeed handle 28. A purge port 52 passes through sleeve 

15 1 2 to place chamber 50, and specifically, the annular channel fonned around 
downfeed handle 28, in fluid communication with inert gas 54 housed within 
inert gas supply reservoir 26. 

The details of the oil lip seal structure 36 are more deariy shown in Fig. 
3. Oil lip seal structure 36 supports an annular gasket 56. which is sized to 

20 conform to the exterior circumference of downfeed handle 28 when downfeed 
handle 28 Is received within chamber 50 of top hat assembly 1 0. An annular 
spring 58 is Interposed between gasket 56 and oil lip seal structure 36 to bias 
gasket 56 against the downfeed handle 28. Accordingly, as downfeed handle 
28 shifts within chamber 50, continuous contact between gasket 56 and 

25 downfeed handle 28 is maintained. 

The operation and method of sealing the top of an optical waveguide 
draw furnace is more clearly understood with reference to Figs. 1 through 4. 
As indicted in Fig. 1, downfeed handle 28 is received In chamber 50 (Fig. 2) of 
top hat assembly 10 such that gasket 56 (Fig. 3) conforms to the circumference 

30 of downfeed handle 28. As depicted in Fig. 3. continuous pressure applied by 
spring 58 to gasket 56 fonns a seal between gasket 56 and downfeed handle 
28. Inert gas 54. preferably argon, Is delivered firom Inert gas supply reservoir 
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26, through hose coil 24 and purge adapter 22, and into chamber 50 through 
purge port 52 (Fig. 2) to displace the air within chamber 50 with inert gas 54. 
Because chamber 50 is closed at the top of top hat assembly 10 by the seal 
created between downfeed handle 28 and gasket 56, air and inert gas 54 are 
5 discharged from chamber 50 through the annular gap between bumper 42 (Fig, 
2) and downfeed handle 28. Thus, only inert gas resides within top hat 
assembly 10 as top hat assembly 10 is lowered toward the draw furnace. 

During fiber blank loading, top hat assembly 10 is lowered as indicated 
by reference annow A (Fig. 1) until bumper 42 rests on a lip 66 of blank support 

10 portion 30 of downfeed handle 28. As a result, and as shown in Fig. 4, top hat 
assembly 10 rides on blank support portion 30 of downfeed handle 28 as 
downfeed handle 28 is lowered into the draw furnace prior to fiber draw. The 
waveguide blank (not shown) depending downwardly from blank support 
portion 30 of downfeed handle 28 is lowered into an optical waveguide draw 

15 furnace 60 until the blank reaches the hot zone (not shown) of draw fumace 60. 
As downfeed handle 28 is received within draw fumace 60, bottom surface 62 
of bottom plate 40 contacts the upper surface of a gland seal 64 positioned on 
the top of draw fumace 60. The downward progress of top hat assembly 10 is 
thus stopped while downfeed handle 28, and thus blank support portion 30, 

20 continue moving downward into draw fumace 60. When the blank (not shown) 
is properly positioned within the hot zone (not shown) of draw fumace 60, the 
bottom door assembly (not shown) of draw fumace 60 can be opened to begin 
the fiber draw. 

Because inert gas 54 is delivered into chamber 50, only inert gas is 
25 available at the top of draw furnace 60 to be pulled into the muffle region of 

draw furnace 60. Accordingly, oxygen is not present to react with the graphite 
muffle (not shown) to create a CO event. Preferably, an inert gas such as . 
helium is delivered between gland seal 64 and bottom plate 40 through upper 
surface 66 of gland seal 64. The inert gas provides a blanket of inert gas 
30 between the surfaces so that top hat assembly 1 0 essentially floats on gland 
seal 64. In this way, an operator can make the necessary x-y directional 
adjustments to downfeed handle 28 required to properly position the blank (not 
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shown) during fiber draw. The blanket of Inert gas pennits top hat assembly 1 0 
to move laterally across gland seal 64 as downfeed handle 28 Is moved. 
Moveover, the inert gas delivered between bottom plate 40 and gland seal 64 
provides an entry banier to ambient air residing above the top of the draw 
furnace 60. Accordingly, the delivery of inert gas 54 into chamber 50 can be 
tenninated once the bottom door assembly is opened, and fiber Is being drawn 
from the blank. 

Once drawing operations are complete, the bottom door assembly (not 
shown) Is closed, and downfeed handle 28 and any remaining fiber blank (not 
shown) can be safely removed from draw furnace 60 by raising downfeed 
handle 28 out of draw fumace 60. In the prefen^ embodiment of the method 
of the present Invention, inert gas 54 Is again delivered into chamber 50 of top 
hat assembly 1 0 once the t>ottom door assembly (not shown) is closed. 
Downfeed handle 28 is preferably mechanically, hydraulically, or pneumatically 
withdrawn from draw fumace 60 in the direction of reference arrow B (Fig. 4). 
As downfeed handle 28 proceeds vertically, lip 66 of blank support portion 30 
eventually engages bumper 42. As downfeed handle 28 Is elevated further, top 
hat assembly 10 again rides blank support portion 30. and Is removed from the 
top of draw fumace 60. Inert gas 54 is preferably continuously delivered to 
chamber 50 throughout the duration of the withdrawal operation. Inert gas 54, 
preferably argon, directs the hot air rising from the hot zone (not shown) of 
draw fumace 60 away firom gasket 56 and cools the downfeed handle 28 as the 
heated portion of downfeed handle 28 approaches gasket 56. Accordingly, 
downfeed handle 28 is cooled before it reaches gasket 56, and gasket 56 is 
itself cooled by inert gas 54, thereby minimizing heat damage to gasket 56 and 
reducing the frequency of gasket 56 replacement. 

It will be apparent to those skilled in the art that various other 
modifications and variations can be made to the present invention without 
departing from the spirit and scope of the Invention. Thus, it Is Intended that 
the present invention cover the modifications and variations of tills Invention 
provided they come within the scope of tiie appended claims and their 
equivalents. 
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What is claimed is: 

1 . An apparatus for cooperating with a downfeed liandle to seal tlie top of an 
optical waveguide draw furnace, said apparatus comprising: 

an assembly constructed and an^nged to removably cover the top of the 
draw fumace and mate with the downfeed handle, said assembly comprising 
an elongated sleeve having a base and defining a chamber for slidably 
receiving the downfeed handle therein; and 

an inert gas supply communicating with said assembly to selectively 
deliver inert gas into the chamber. 

2. The apparatus of claim 1 wherein said assembly further comprises a sealing 
mechanism supported by the elongated sleeve to mate with the downfeed 
handle and/or a bottom plate for cooperating with the top of the draw fumace to 
prevent air from entering the draw fumace. 

3. The apparatus of claim 3 wherein said sealing mechanism comprises a 
circumferential gasket remote from the base, the gasl<et being positioned with 
respect to the sleeve such that the gasket conforms to the periphery of the 
downfeed handle. 

4. The apparatus of claim 3 wherein said assembly further comprises a spring 
interposed between said sealing mechanism and the gasket to bias the gasket 
against the handle. 

5. An apparatus for cooperating with a downfeed handle to seal the top of an 
optical waveguide draw fumace, said apparatus comprising: 
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an elongated sleeve having a top and a base, said sleeve defining a 
chamber for receiving the downfeed handle; and 

a sealing mechanism positioned on said sleeve at a location remote 
from the base, said sealing mechanism being an-anged with respect to said 
5 sleeve to mate with the downfeed handle received in the chamber. 

6. The apparatus as claimed in claim 5 wherein said sleeve further defines at 
least one port positioned between said sealing mechanism and the base to 
penult purging of the chamber. 



7. The apparatus as claimed in claim 5 wherein said sealing mechanism 
comprises an annular gasket sized and shaped to conform to the shape of the 
downfeed handle and at least one spring positioned with respect to the gasket 
to bias the gasket against the downfeed handle. 

8. The apparatus as claimed in claim 5 wherein the base includes a bottom 
plate for cooperating with the top of the draw fumace to inhibit entry of non- 
selected gases into the draw fumace while pennitting movement of said 
apparatus with respect to the draw fumace. 



9. A method of sealing the top of an optical waveguide draw fumace, said 
method comprising the steps of: 

sliding an assembly onto a downfeed handle such that said assembly is 
supported on the downfeed handle, said assembly defining a chamber for 



mechanism remote from the base, said sealing mechanism cooperating with 
the downfeed handle to close one end of the chamber; 



10 



20 



25 



receiving the downfeed handle, and comprising a base and a sealing 
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purging the chamber with a first inert gas; and 
lowering the downfeed handle into the optical waveguide draw furnace 
to position the base of said assembly atop the draw furnace. 

10. The method of claim 9 wherein said sealing mechanism comprises an 
annular gasket sized to conform to the periphery of the downfeed handle, and 
wherein the method further comprises the step of biasing the annular gasket 
against the downfeed handle. 

1 1 . The method of claim 9 further comprising the step of discharging a second 
inert gas between the base and the top of the draw furnace to suspend said 
assembly In dose proximity with the top of the draw fumace. 



15 



12. The method of claim 9 wherein the step of purging includes the step of 
delivering argon into the chamber through a pui^e port entering the chamber 
between the sealing mechanism and the base. 
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AMENDED CLAIMS 
[received by the International Bureau on 1 7 July 2000 (17.07.00); 
original claims 3 and 8 cancelled; origiiial claims 1 and S amended; remaining claims 

unchanged (3 pages)] 

1 . An apparatus for cooperating with a downfeed handle to seal the top of 
an optical waveguide draw furnace, said apparatus comprising: 

an assembly constructed and an^nged to removably cover the top of the 
draw fumace and mate with the downfeed handle, said assembly comprising 
an elongated sleeve having a base and defining a chamber for slidably 
receiving the downfeed handle therein and a sealing mechanism supported by 
the elongated sleeve to mate with the downfeed handle, said sealing 
mechanism comprises a circumferential gasl<et remote from the base, the 
gasket being positioned with respect to the sleeve such that the gasket 
confonns to the periphery of the downfeed handle and ; 

an inert gas supply communicating with said assembly to selectively 
deliver inert gas into the chamber. 

2. The apparatus of dalm 1 wherein said assembly further comprises a 
bottom plate for cooperating with the top of the draw fumace to prevent air from 
entering the draw fumace. 

3. The apparatus of claim 1 wherein said assembly further comprises a 
spring interposed between said sealing mechanism and the gasket to bias the 
gasket against the handle. 



4. An apparatus for cooperating with a downfeed handle to seal the top of 
an optical waveguide draw fumace, said apparatus comprising: 

an elongated sleeve having a top and a base, said sleeve defining a 
chamber for receiving the downfeed handle, said base comprises a bottom 
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plate for cooperating with the top of the draw furnace' to inhibit entry of non- 
selected gases into the draw furnace while permitting movement of said 
apparatus with respect to the draw fumace; and 

a sealing mechanism positioned on said sleeve at a location remote 
from the base, said sealing mechanism being arranged with respect to said 
sleeve to mate with the downfeed handle received in the chamber. 

5. The apparatus as claimed in claim 4 wherein said sleeve further defines 
at least one port positioned between said sealing mechanism and the base to 
permit purging of the chamber. 

6. The apparatus as claimed in claim 4 wherein said sealing mechanism 
comprises an annular gasket sized and shaped to confomn to the shape of the 
downfeed handle and at least one spring positioned with respect to the gasket 
to bias the gasket against the downfeed handle. 

7. A method of sealing the top of an optical waveguide draw furnace, said 
method comprising the steps of: 

sliding an assembly onto a downfeed handle such that said assembly is 
supported on the downfeed handle, said assembly defining a chamber for 
receiving the downfeed handle, and comprising a base and a sealing 
mechanism remote from the base, said sealing mechanism cooperating with 
the downfeed handle to close one end of the chamber; 

purging the chamber with a first inert gas; and 

lowering the downfeed handle into the optical waveguide draw fumace 
to position the base of said assembly atop the draw fumace. 
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8. The method of daim 7 wherein said sealing mechanism comprises an 
annular gasket sized to confomi to the periphery of the downfeed handle, and 
wherein the method further comprises the step of biasing the annular gasket 
against the downfeed handle. 

9. The method of claim 7 further comprising the step of discharging a 
second Inert gas between the base and the top of the draw furnace to suspend 
said assembly in close proximity with the top of the draw furnace. 

10. The method of claim 7 wherein the step of purging includes the step of 
delivering argon into the chamber through a purge port entering the chamber 
between the sealing mechanism and the base. 
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